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During the Spring and Fall of 2006, a study was conducted at the Agricultural
Research and Education Complex of Western Kentucky University to monitor the effects
of poultry litter application on soil bulk density. A randomized split block design was
used for this study. The soil was a Crider silt loam (Typic Paleudalf). Poultry litter
treatments were compared with inorganic fertilizers.
The same basic fertility treatments were applied in this study from 2001-2006.
Those treatments consisted of poultry litter applied at the nitrogen rate (NPL), poultry
litter applied at the phosphorus rate only (PPL), poultry litter applied at the phosphorus
rate with supplemental inorganic nitrogen (NPPL), and inorganic fertilizer (I). Two soil
cores, to a depth of 10 cm were collected from each plot March 22, June 14 and October
30, 2006. Average bulk density for each plot was determined by the two cores being
weighed and divided by volume for each sampling date and then averaged.
Statistical analysis from this study indicated that there were no differences, based
on fertility treatment, within each sampling date. However, there was a statistical
difference between sampling dates, with October being higher than March and June. This
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difference may have been due to soil compaction caused by litter and fertilizer
application equipment.
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CHAPTER III

INTRODUCTION

Soil compaction is a physical process that affects root growth and water
infiltration, while increasing runoff and erosion. A compacted soil can have massive,
weak or platy structure, as well as a high bulk density. Bulk density is affected by vehicle
traffic, (including tillage and harvesting), or grazing, especially when the field is wet.
Root growth is restricted when soil bulk density exceeds about 1.75 g/cm3 for a sandy
loam soil type, 1.55 g/cm for a silt or silt loam soil type or 1.40 g/cm for a clay soil type
(Gardiner and Miller, 2004).
Shallow compaction in a soil with shrink-swell clay and wet-dry cycles can be
readily improved over time. The deeper the compaction and lower frequency of shrinkswell or wet-dry cycles, the more persistent the compaction will be (Gardiner and Miller,
2004).
Poultry litter is a nutrient source in crop production. Poultry numbers in Kentucky
have increased dramatically since 1988, with the numbers of birds ranging from around 0
in 1988 to about 200 million in 1998 (Rasnake, 1996) and 271 million in 2002 (NASS,
2002). With the poultry production increasing, the issue has been to find a way to use the
large amount of litter produced. Litter is a good source of N, P, and K, making it well
suited for crop application (Rasnake, 1996).
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In recent years, poultry litter has been reported as a means to help remediate and
reduce the effects of compaction (Reicosky, 2002). The increased accumulation of
poultry litter can now be used to improve soil fertility as well as alleviate soil
compaction.

CHAPTER III

LITERATURE REVIEW

Soil Bulk Density
Soil compaction is a phenomenon that involves significant interrelationships
between most recognized physical and biological properties of soils. It is often measured
in terms of soil density, water infiltration, or soil air porosity. One of the most frequently
used measures of compaction is soil bulk density. Bulk density is found by determining
the mass of dry soil that occupies a known volume (Abu-Hamdeh, 2003).
Bulk Density in Relation to Tillage
Today's agriculture sector uses tillage, much like its predecessors, as a way to
loosen surface soil. Long term intense tillage increases soil bulk density because it
depletes soil organic matter and weakens soil structure. With modern agriculture, heavy
machines are used to pull implements, apply amendments or harvest crops which can
create yield-limiting soil compaction (Brady and Weil, 2002).
Increasing use of heavy equipment for agricultural production throughout the
world has led to an increase in soil compaction on agricultural land, creating crop
production and environmental concerns (Soane and van Ouwerkerk, 1995; Entry et al.,
1996; Abu-Hamdeh, 2003).
Certain tillage implements, such as the moldboard plow and the disk harrow,
compact the soil below their working depth even as they lift and loosen the soil above.
Use of these implements or repeated trips over the field by heavy machinery can form
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plow pans or traffic pans, dense zones immediately below the plowed layer (Brady and
Weil, 2002).
Other tillage implements, such as the chisel plow and the spring-tooth harrow, do
not press down upon the soil beneath them, and so are useful in breaking up plow pans
and stirring the soil with a minimum of compaction. Large chisel-type plows can be used
in subsoiling to break up dense subsoil layers, thereby permitting root penetration. Any
tillage tends to reduce soil strength, thus making the soil less resistant to subsequent
compaction. Traffic on wet soil is considerably more damaging than it is on dry soil.
Heavy loads on wet soil have greater compactive effects and penetrate more deeply into
the profile (Brady and Weil, 2002).
The Producer's Influence on Soil Compaction
There are two ways in which a producer can influence soil compaction. First, is
traffic compaction and the second is tillage compaction. Traffic compaction results
whenever equipment is driven across the soil surface. Severity and depth of traffic
compaction is a function of the axial load, tire pressure, and soil moisture content. As
producers farm more acres, equipment size (axial load) has increased, resulting in higher
incidence, severity, and depth of soil compaction (Schwab et al., 2004).
Compaction that results from tillage implements and that shears the soil, leaves a
dense soil layer just under the operating depth. Compaction is also a result of downward
force being exerted when tilling (Schwab et al., 2004).
Effects of Soil Compaction
Most effects of soil compaction are detrimental to crop growth. In some cases,
however, slight compaction can aid germination and plant growth when soil moisture is
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low, such as during periods of low rainfall or in soils with a low water-holding capacity.
Soil compaction increases traction, but the tradeoffs are unfavorable (Daum, 1996).
Compaction increases soil bulk density and strength, decreases soil porosity and
restricts fluid and gas transport which affect soil biological processes (Pengthamkeerati et
al., 2005a.). Detrimental effects of soil compaction on soil physical properties for crop
production include: an increase in soil bulk density, a decrease in total porosity and a
decrease in the proportion of large pores to smaller pores (Motavalli et al., 2003). These
physical effects of soil compaction may reduce plant growth and production primarily by
restrictions in root growth, decreased soil water and nutrient availability, and lower soil
aeration (Domzal et al., 1991; Mapfumo et al., 1998; Arocena, 2000).
Compaction mainly affects root growth, soil water availability, and percolation.
Root growth is reduced not only because of the density of the soil but also because of low
soil oxygen infiltration. Slow root growth and poor root exploration can cause
compaction-induced nutrient deficiencies (especially potassium and nitrogen), a
reduction in the drought tolerance of the plant, and an increase in lodging potential
(Schwab et al., 2004).
Producers are generally aware that the most important factor controlling
compaction is soil moisture. If the soil is completely dry, it does not compact readily. As
soil moisture content increases, water acts as a lubricant allowing soil particles to slip
together and fit more tightly when force is applied. As soil moisture continues to
increase, compaction potential goes down because the larger soil particles fill with water,
which lessens compression. Unfortunately, compaction potential is highest at the soil
moisture where producers begin considering tillage and other field operations. Waiting
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for the soil to dry a day or two longer significantly reduces the potential for both traffic
and tillage compaction (Schwab et al., 2004).
Soil Compaction in Kentucky
Soil compaction is a by-product of agricultural production in Kentucky (Murdock
et al., 1995). In Kentucky, grain farmers believe that soil compaction is limiting the
growth and yield of their crops, especially their corn-soybean rotation (Schwab et al.,
2004). In various survey results from Kentucky, fields with reduced tillage (primarily
discing only) had the highest occurrence of severe compaction (Murdock et al., 1995).
Discing results in compaction because of the great downward force at the edge of the
blades and is especially damaging when soil moisture is high (Schwab et al., 2004).
The Effects of Poultry Litter on Soil Compaction
One method to remediate and reduce effects of soil compaction is by applying
organic materials (Reicosky, 2002). Soil organic matter reduces soil bulk density and
increases cation exchange capacity, water holding capacity and infiltration rates
(Pengthamkeerati et al., 2005a.). Consequently, increases in soil organic matter positively
affects soil microbial activity and may reduce rates of soil erosion (Nyakatawa et al.,
2001). Results from studies at the University of Arkansas show that short-term effects of
low rates of poultry litter addition on bulk density are governed by soil texture (MacRae
and Mehuys, 1985 and Brye et al., 2004).
Adding bulky organic materials may also reduce compactibility or compressibility
of soils by increasing resistance to deformation and elasticity of the soil (Soane, 1990;
Larson et al., 1994). In addition, adding organic materials with high nitrogen (N) content,
such as animal manure, into soil may minimize effects of compaction on N availability
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(Pengthameerati et al., 2005b.). The effects of organic amendments on soil physical
properties are dependent on rate of application (Khaleel et al., 1981; Sommerfeldt and
Chang, 1985), degree of mixing (Gupta et al., 1987) and decomposition rate of added
organic materials (Gurief, 1979).

CHAPTER III

MATERIALS AND METHODS

During March through October of 2006, a study was conducted at the Agricultural
Research and Education Complex of Western Kentucky University in Bowling Green,
Kentucky. A randomized split block design was used in this study.
The soil was a Crider silt loam (Typic Paleudalf). Application of inorganic
fertilizers was compared to organic fertilizers. The study was conducted on an
orchardgrass hayfield that measured 0.405 ha"1. Each plot measured 7.6 m wide and 91.4
m in length with 4.5 m wide alleys between each replication.
This study had an "A" and a "B" treatment. The "A" treatments consisted of
poultry litter applications from 2001 to 2005. The "B" treatments consisted of poultry
litter applied during the first five years of this study and followed by a prescribed
inorganic fertilizer program during the last two years. Split fertility treatments were
applied each March and August from 2001-2004. Treatments consisted of: poultry litter
applied at the nitrogen rate (NPL), poultry litter applied at phosphorus rate only (PPL),
poultry litter applied at phosphorus rate with supplemental inorganic nitrogen (NPPL),
and inorganic fertilizer (I). In 2001-2004, the original test plots were actually two
different plots. One side followed an organic fertilizer program while the other side
followed and inorganic fertilizer program. This may account for some disparity in bulk
density.
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Two soil cores were taken from each plot. Each core was taken to a depth of 10
cm using an AMS soil core driver. Soil cores were collected from each plot on March 22,
June 14 and October 30, 2006. Cores were taken before and after poultry litter
application. Average bulk density was determined for each plot and combined for each
treatment.
Statistical analysis was incorporated using the Statistical Analysis System (SAS,
2005). Proc GLM was used to analyze a randomized split block design. Statistical
differences were determined using the LSD test at p < 0.01.

CHAPTER III

RESULTS AND DISCUSSION

Comparison of Bulk Density by Date
For this study, soil cores were taken at three separate dates: March 22, June 14
and October 30 of 2006. Cores were taken before poultry litter application and after first
poultry litter application, and the end of the growing season. Each core was dried and the
bulk density was determined for each sampling date.
During spring, soil tends to have significantly more moisture in it than it does the
rest of the year. By having a substantial amount of moisture, soil tends to have a lower
bulk density. Soil cores that I extracted in the spring had a lower bulk density than the
subsequent sampling dates. In a study from 2005, (Pengthamkeerati et al., 2005a.) noted
that compacted soil has lower soil water content than a non-compacted soil. It also stated
that after compaction, the soil had a higher soil bulk density with a lower capacity for
water infiltration, especially in short-term drought periods (Pengthamkeerati et al.,
2005a.).
Heat of the summer tends to dry the soil. With the soil being dry, the bulk density
tends to increase. This again goes back to the study by (Pengthamkeerati et al., 2005a.)
which stated that a soil with a high bulk density has a low water infiltration level. Cores
that I extracted during the summer were difficult to remove from the metal cylinders.
This could be attributed to the lack of moisture. With that lack of moisture, the drying
time was reduced. Soil during the fall of the year tends to be dry also, but there is usually
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some precipitation to increase soil moisture. This made the cores easier to extract and it
also lowered the core's bulk density. As seen in Figure 1, bulk density for the soil cores
taken in the fall was higher than that of the soil cores taken in the spring or summer after
the first poultry litter application (p < 0.01).
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Comparison of Soil Bulk Density by Treatment
Each fertility treatment was compared with one another in order to determine
which treatment had the higher bulk density. Four different fertility treatments were
observed. Three of those treatments contained varying amounts of poultry litter, while the
fourth treatment was a mixture of inorganic fertilizers only.
Treatments
The "A" treatments followed five years of annual poultry litter application. The
"B" treatments followed a prescribed inorganic fertilizer program for 2005 and 2006.
"B" treatments followed a prescribed inorganic fertilizer program. This program
was designed for that specific year, not from those of previous years. Use of poultry litter
as a fertilizer source has probably caused some accumulation in the plots, thus decreasing
bulk density. However in this study, increases in bulk density were probably caused by
litter spreading equipment.
Some larger scale studies have shown that by adding large amounts of poultry
litter to the soil you can decrease bulk density. These studies are typically conducted in
areas were poultry production is high. Studies conducted by the University of Arkansas
found that poultry litter form (i.e., fresh vs. pelletized) did not affect soil bulk density or
volumetric water content in the top 10 cm between four and six weeks after
incorporation. They also found that higher rates, regardless of form, significantly reduced
soil bulk density (Brye et al., 2004).
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CHAPTER III

SUMMARY

Use of poultry litter as a fertilizer has grown with the increased growth of the
poultry industry in Kentucky. Consequently, there is more interest in using it as a
fertilizer source.
For this study, poultry litter was used on a smaller scale. Not only was it used to
provide nutrients to the orchardgrass field, but it was also used to lessen soil compaction
within the plots. There were many differences in the bulk density levels before and after
poultry litter application. Overall bulk density was higher in June and October than it was
in March. Some of the determining factors behind this were that the soil had more
moisture in March than it did in June and that there could have been possible compaction
caused by fertilizer application equipment. Cores taken in June and October had a slightly
higher bulk density than the one in March (p < 0.01). This may have been due to lack of
precipitation during that time frame.
Each treatment followed different methods. The "A" treatments followed a
fertilizer program that was similar to programs from recent years. The "B" treatments
followed a prescribed inorganic fertilizer program. Differences between these two
treatments resulted in disparity among the bulk density results.
Statistical analysis indicates that there were no differences, based on fertility
treatments within each date (p < 0.01).
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